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© A solid phase system for use In ligand-receptor assays. 

© A solid phase system for use in a ligand-receptor assay 
for the detection of a selected analyte in a fluid sample, 
comprising a porous matrix in which microspheres are 
entrapped wherein said microspheres are bound with a 
receptor capable of capturing a target Hgand. 
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& SOLI D PHASE SYST EM FOR USE IN_ 

l:.ganp-receptor assays 

. This invention relates to ligand-re_ceptcr assay 
I recesses. In another aspect, it relates to a solid phase system 
:or use in ligand-receptor assays, particularly immunoassays 
using monoclonal antibodies. 

5 This application relates to the subject matter of G. 

valkirs et al., Serial No. 609,395, filed May 11, 1984 and 
Serial No. 733,292, filed Hay 10, 1985, This application also 
relates to the subject matter of G. valkirs et al., filed March 
21, 1986, The disclosures of all these references are 
10 incorporated by reference herein. 

Ligand-receptor assays, particularly immunoassays, 
provide sensitive diagnostic tools for the in vitro detection 
in serum and other body fluids of analytes associated with 
disease and other physiological conditions of clinical 
15 significance. 

In the past, immunoassays have typically relied c.i a 
polyclonal antibody preparation bound to a solid pnase. In such 
assays, a solution of antigen labeled to permit detection is 
allowed to compete with antigen in a sample for the solid phase 
20 antibody. The extent to which the labeled antigen is bound to 
the solid phase or is detected in the liquid phase can be used as 
a measure of the presence and quantity of antigen in the sample 
being analyzed. 

Subsequently, non-competitive immunometric assays 
25 became available. In these assays, a polyclonal antibody 
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preparation bound to a solid phase is also used. The sample 
containing the suspected antigen is allowed to contact the solid 
phase in order for the antigen to bind to the antibodies on the 
solid phase. Typically, after an incubation step the sample is 
5 separated from the solid phase which is then washed and incubated 
with a solution of additional polyclonal antibodies which has 
been labeled, for example with a radionuclide, an enzyme, or 
fluorescent moiety, to'permit detection. 

After this second incubation, the unbound labeled 
*10 antibody is separated from the solid phase and the amount of 

labeled antibody in either the liquid phase or bound to the solid 
phase in an antibody :antigen:antibody sandwich is determined as a 
measure of the presence and/or concentration of antigen in the 
sample tested. 

15 Mcre recently, immunoassay processes have been modi- 

fied to use monoclonal antibodies. For example, U.S. 4,376,110 
describes two-site immunometric assays using pairs of monoclonal 
antibodies, one bound to a solid phase and the other labeled to 
permit detection. The use of monoclonal antibody pairs which 

20 recognize different epitopic sites on an antigen has made it pos- 
sible to conduct simultaneous immunometric assays in which the 
antigen and labeled antibody incubations do not require the in- 
termediate steps of prior processes. 

In the foregoing immunoassay processes, the solid 

25 phase system typically comprises an antibody bound to a bead, or 
alternatively, an antibody coated on a material such as a 
membrane or filter, suitable to capture an antigen of interest. 
At present, the preparation of such solid phase systems 
characteristically requires activation procedures to facilitate 

30 the coating of an antibody to a solid support. Additionally, a 
*:ackcoating procedure, involving the coating of the solid support 
with a substance effective to inhibit non-specific binding, is 
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generally required. The activation and backdating procedures 
are time-consuming and difficult procedures, and as a result, 
render the preparation of solid phase systems very costly. 

In addition to the above-described limitations asso- 
5 ciated with the preparation of solid phase systems presently 
available, it has not been possible to assay a given sample for 
mor e than one analyte of interest simultaneously on a single 
solid phase system. Further, present solid phase systems lack 
the internal controls (i.e., positive and negative controls) 
10 which are essential for a determination of the validity and 

reliability of an assay. The preparation of solid phase systems 
for a multiple immunoassay process and/or an internal control 
system has been, prior to the present invention, very difficult. 

Accordingly, there exists a need for a solid phase 
15 system which may be prepared more efficiently and which minimizes 
the difficulty and expense of preparation. Additionally, there 
exists a need for an improved solid phase system which may be 
utilized to assay a sample for at least two analytes of interest 
simultaneously. Further, there exists a need for an improved 
20 solid phase system which permits the incorporation of internal 
controls for the performance of assays. 

The present invention provides a solid phase system 
for use in ligand-receptor assays, particularly immunoassays, for 
the detection of a selected analyte in a fluid sample. As used 
25 herein, the term -ligand-receptor assay" refers to an assay for 
an analyte which is detected by the formation of a complex 
between a ligand and another substance capable of specific 
interaction with the ligand, i.e., receptor. The ligand may be 
the analyte itself or a substance which if detected can be used 
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*o int . r the presence of the analyte in a sample . Persons 
sKUled in th. art win appreciate that. d e pe „ dina upon the 
analyte of interest, a member of a specific binding pair may be 
e.ther receptor or l igand depending upon flssay design> 

context of the present invention, the term "lioand- 

terra iigand" encompasses 

antigens, haptens, antibodies, deoxyribonucleic acid ( DNA) 
ribonucleic acid <RNA>, hormones, metabolites and other naturally 
occurring substances of diagnostic interest ha^ng a specific 
bxnding partner therefor, i.e., the receptor of the 
10 iigar.d-receptor assay. 

Th. .olid phase system of the invenUon co „, prlMl a 
porous matrix. , UC h Kmmbfm or fUter> wthin ^ ^ 

spheres .re entrapped. Preferably, the microsphere. .„ „„_ 
trapped within a discrete or defined sons of th. matrix. M di- 

U "onaUy, the microspher lected t0 „ ave , ^ 

-»h the pore .U. o£ the porous matrix, are bound with a recep- 
tor such as an antibody. preferably , monoclonal a „ tlBodyi ml _ 
=en. nucleic acid se,u.nce or other substance capable of captur- 
ing the selected ligand when exposed to a sample containing th. 
20 l»Q«d. for example, the microspheres may be bound with .„ 
.Herg.n capable of capturing an IgE antibody in a .ample which 
is specific for the bound allergen. 

in preferred solid phase systems, distinct groups of 
microspheres to which are bound ,„ antibody, antigen or other 
25 suitable receptor substance are entrapped within discrete sones 
Of the porous matrix so a. to permit the performance of a 
-Itiple assay for the detection of at Last two seLcted 
-lytes. further, distinct groups of microspheres may be 
-trapped within the porous matrix so as to incorporate interna, 
30 control systems for the detection of seiected analytes. 

The present invention Is also directed to an apparatus 
comprising, as a fi rs t member, s porous s„Hd phase system 
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as described above. The preferred apparatus further comprises, 
as a second member, an absorbent member associated with the solid 
phase system so as to permit the flow of a fluid sample through 
the solid phase system and into the second member. (The terms 
5 "solid phase system" and "first porous member" are used inter- 
changeably herein.) 

The present invention is further directed to a 
ligand-receptor assay process comprising, as a first step, the 
introduction of a fluid sample onto the solid phase system 

10 whereby, as the fluid flows through the solid phase system, the 
receptor bound to the microspheres captures the selected target 
ligand. Following the addition of the sample, a solution of a 
receptor conjugate capable of binding the target ligand and 
labeled so as to permit detection is added to the solid phase 

15 system. As used herein the term "receptor conjugate" refers to a 
complex comprising a receptor and a label capable of detection, 
in the case of an imrounometric assay for a target antigen the receptor 
conjugate may be a labeled antibody, preferably a monoclonal antibody. 

Alternatively, if the target ligand is an antibody, labelled antigen 
20 znay .be used as a receptor conjugate* Unbound receptor conjugate may 

thereafter be removed by a washing step. The presence of bound receptor 
conjugate on the solid phase system is then determined as an 
indication of the presence of the analyte in the sample. 

This invention has been summarized in order that the 
25 drawings and detailed description that follow may be better 

understood and the contribution to the art may be better appre- 
ciated. 

Figure 1 is a conceptualization of a porous matrix 
useful in the present invention and the manner of addition of 
30 microspheres thereto. 

Figure 2 is a conceptualization of a cross section of 
a solid phase system of the present invention. 
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Figure 3 is a top view of a solid phase system of the 
present invention for the detection of a single analyte in a 
sample. 

Figure 4 is a top view of a preferred solid phase 
system of the present invention for the multiple detection of 
5 different analytes in a sample. 

Figure 5 is a top view of a preferred solid phase 
system of tHe present invention for the detection of a single 
analyte in a sample including internal positive and negative 
controls. 

10 Figure 6 is a cross section of an apparatus incorpo- 

rating a solid phase system of the present invention for perfor- 
mance of assays in accordance with the invention. 

As indicated above, the present invention provides a 
solid phase system for use in ligand-receptor assays, 
15 particularly immunoassays, for the detection of a selected 
analyte in a fluid sample, m accordance with the present 
invention, the solid phase system comprises a porous matrix in 
which microspheres may be entrapped, a variety of porous 
matrices, including natural and synthetic matrices, may be 
20 suitably utilized provided microspheres of a size compatible with 
the pore size of the matrix may be entrapped in accordance with 
the invention. Among the matrices preferred for use are 
membranes or filters comprised of glass fibers, nylon, or ceramic 
materials having a defined porosity. 

25 The solid P hase ^tem further comprises microspheres 

to which are bound a selected receptor, such as an antibody, 
preferably a monoclonal antibody, antigen or other suitable 
receptor substance capable of capturing the ligand of interest. 
Microspheres comprised of a polymeric material such/ as latex 

, 0 polyethylene, polypropylene, or polystyrene are preferred for use in 

the present invention. However, it will be recognised by those 
-VUled in 



7- 0200381 

art that a variety of microspheres, comprised of either natural 
or synthetic materials, may be utilized. In the case of 
polymers, the polymer is selected on the basis of its ability to 
facilitate binding with the selected member of the 
5 ligand-receptor pair, e.g., it may be a polymer or copolymer 
having afunctional group which facilitates binding by covalent 
bond formation or by a coating operation. Additionally, the 
microspheres are selected to have a size effective to permit 
their entrapment within the porous matrix as well as the flow of 
10 fluid around the microspheres and through the matrix. Preferred 
for use are microspheres having a size within the range of from 
about 2.1 to about 50 microns in diameter. We have found that 
microspheres having a size within this range tend to maximize the 
effective surface area available for reaction with the target 
15 ligand as aggregation and adhesion of the microspheres within the 
matrix is minimized. Particularly preferred for use are 
microspheres having a size within the range of from about 0.1 to 
about 1.0 microns in diameter? microspheres having a size within 
this range tend to enhance the contact and kinetics for reaction 
20 between receptor bound to the microspheres and the target ligand. 

In accordance with the present invention, the micro- 
spheres selected for use are activated with a suitable receptor, 
e.g., an antibody, antigen or other biological substance suitable 
for use as a receptor to bind and capture the target ligand, 
25 Activation may be achieved by covalent binding or, in appropriate 
cases, by application of a coating of the receptor on the 
microspheres, in the case of an immunoassay to determine the 
presence of an antigen in a sample, the receptor is preferably a 
monoclonal antibody, however, polyclonal antibodies from antisera 
30 may be suitably used. Techniques for the coating or covalent 

binding of proteins to microspheres as well as for monoclonal and 
polyclonal antibody preparation, are well known to the art and 
require no repetition herein. The activated microspheres are 
entrapped in the matrix, preferably within a defined zone or 
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zones of the matrix and in a predetermined pattern. 
Additionally, we have unexpectedly found that it is desirable to 
use an extremely low concentration of activated microspheres in 
solution for entrapment , preferably within the range of from 
5 about .01 to 1.0%, to provide increased sensitivity in an assay. 
The means for entrapment of the microspheres within the matrix is 
not critical and a variety of means may be used. For example, 
the microspheres may be added to the surface of the porous matrix 
as a suspension in a suitable liquid vehicle, for example, as a 

10 polymer latex, preferably a monodisperse latex, which is sub- 
sequently removed in a drying step. Gravity, a vacuum or capil- 
lary action may be used to draw the microspheres into discrete 
zones within the porous matrix prior to removal of the vehicle. 
As the microspheres are activated prior to entrapment, the pre- 

15 sent invention overcomes limitations associated with the prepara- 
tion of the solid phase systems of the prior art. 

In accordance with the present invention, the 
receptor-bound microspheres are preferably entrapped within the 



matrix in a manner which permits their mobility within the matrix 
20 and inhibits their agglutination or aggregation within the matrix, 
and further, which permits rapid fluid flow through the 
matrix and around the particles. While applicant does not intend 
to be bound by any theory, it is believed that the free novenent 
of microspheres within the matrix may enhance the contact between 

25 receptor bound to the microspheres and the target ligand and 

permits effective washing during an assay process. Additionally, 
as indicated above, to attain the desired sensitivity of an assay 
process, the number and size of the entrapped microspheres must 
be optimized within the ranges set forth herein. Further, the 

30 microspheres may be coated prior to entrapment to minimize or 
inhibit their aggregation and adhesion within the matrix. 
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Turning now to Figure J, there is Bhown in cross 
section a conceptualization of a porous matrix 10 useful in the 
present invention and the manner of addition of activated 
microspheres 12 thereto (microsphere vehicle is not shown). In 
5 Figure 2 there is shown in cross section a conceptualization of a 
solid phase system 14 of the present invention. Thus, in Figure 
2, the porous matrix 10 is shown having the activated 
microspheres 12 entrapped in a defined or discrete zone 16 within 
the matrix 10. a top view of the solid phase system 14 for use 
10 in an assay for the detection of a single analyte, as 
conceptualized in Figure 2. is illustrated in Figure 3. 
Accordingly, in Figure 3. there is shown the discrete zone 16 in 
which microspheres 12 are entrapped for the capture of a ligand 
within the matrix 10 of the solid phase system 14. 
15 A preferred solid phase system of the present invention 

comprises plural groups of microspheres entrapped in discrete 
zones, preferably in a predetermined pattern, within the matrix. 
Each group of microspheres is bound, prior to entrapment, with a 
different receptor, such as an antibody or antigen capable of 
20 capturing a different ligand of interest. Accordingly, in one 
embodiment of the invention, each group of microspheres comprises 
a population of microspheres bound with the same antibody, anti- 
gen or other receptor selected for use in the assay. Alterna- 
tively, a group of microspheres may comprise a mixture of micro- 
25 spheres to which are bound different receptors. For example, in 
the case of an immunoassay for an antigen, each group of micro- 
spheres may comprise at least two subpopulat ions of microspheres 
wherein each subpopulation is bound with an antibody, preferably 
a monoclonal antibody, capable of binding with a different deter- 
30 m inant or epitope of the antigen. Preferably, the monoclonal 

antibodies bound with the subpopulat ions of microspheres compris- 
ing a distinct group of microspheres are selected to have a 
specific reactivity with non-interfering epitopes of the target 
ligand, thereby enhancing the sensitivity and specificity of the 
25 assay. 
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Accordingly, a solid phase system as described above 
is useful in a multiple ligand-receptor assay for the simul- 
taneous detection of at least two selected analytes in a Qiven 
sample. In the case of an immunoassay, the presence of different 
5 analytes within a sample may be detected simultaneously by a dis- 
tinct color reaction for each analyte by the use of different 
enzyme laheled antibodies which generate distinct color reactions 
upon addition of a suitable substrate. Alternatively, different 
groups of microspheres may be entrapped within the porous matrix 
10 in a way which permits their identification by reason of their 
particular location in the matrix. 

Further, the preferred solid phase system as described 
above is particularly useful where it is highly desirable to 
simultaneously determine the presence of more than one analyte of 
15 interest in a sample, such as for the determination of causative 
agents of an allergic response. This may be readily accomplished 
by entrapping distinct groups of microspheres, each of which is 
bound with one of a group of specific allergens (i.e., proteins 
or carbohydrates which are suspect in eliciting an immune 
20 response), within discrete zones of the matrix. Such a solid 
phase system provides, in essence, a panel of allergens capable 
of capturing IgE antibodies which may be present in a patient 
serum sample. Accordingly, the pattern of reactivity on the 
solid phase system, as determined by the presence of allergen- 
25 specific IgE antibodies in a given sample, provides an indication 
of the allergens eliciting a given allergic response. In such 
assays, typically the allergen-lgE pairs are detected by using 
labeled anti-IgE antibody as described in U.S. 3,720,760. 

Referring now to Figure 4, there is shown a top view 
30 of a preferred solid phase system 18 for use in a multiple assay 
process in accordance with the conceptualization of a solid phase 
system 14 in Figure 2. Thus, in Figure 4 there is shown a matrix 
\0 in which there are discrete zones 20, 22, 24 and 26 comprising 
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groups of roicrospheres, each of which is activated with a dif- 
ferent receptor for the capture of different ligands of interest 
on the solid phase system 18. 

Further in accordance with the present invention, a 
5 preferred solid phase system comprises distinct groups of micro- 
spheres as an internal control system (i.e., positive and/or 
negative controls). For example, the roicrospheres comprising a 
positive control may be bound with the target ligand or other 
suitable receptor substance capable of mimicing the binding of 
10 the target ligand. By comparison, the roicrospheres comprising a 
negative control are either without a bound component or, 
preferably, bound with a substance, e.g. antibody or antigen or 
DNA as the case may be, which is incapable of capturing the 
ligand of interest but which is capable of mimicing the 
15 non-specific binding interactions of the microsphere-bound 
receptor with components of the sample other than the target 
ligand. Such a solid phase system, which may be utilised in a 
single or multiple assay, provides a means for determining the 
validity and reliability of the assay. Thus, in an immunoassay, 
2Q the incorporation of a negative control provides a means for 
determining whether a false positive result, generally 
attributable to the nonspecific binding of a sample component 
with the receptor, has occurred. A positive" control, on the 
other hand, reduces the likelihood that a false negative result 
25 will go undetected. 

Additionally, the present invention provides a means 
for incorporating internal references for qualitative and 
quantitative determinations of a target ligand in an assay 
process as set forth and described in the application of G. 
30 valkirs et al . , filed March 21, 1986, assigned to the same 

assignee as the present invention, and incorporated by reference 
herein. 
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Turning now to Figure 5, there is shown a top view of 
a preferred solid phase system 2B as described above for the 
detection of a single analyte and which incorporates internal 
controls. Thus, Figure 5 depicts, consistent with the 
5 conceptualization of Figure 2, a solid phase system 28 having a 
discrete zone 16 within the matrix 10 comprising microspheres to 
which the selected receptor is bound. Discrete zone 30 within 
the matrix 10 comprises microspheres to which the target ligand 
is bound as a positive control and discrete zone 32 within matrix 

10 10 comprises microspheres which are preferably coated with a 
substance which mimics the non-specific binding characteristics 
of the receptor as a negative control. Thus, when system 28 is 
used in an assay of a patient sample which contains the analyte 
of interest, both zone 16 and 30 should indicate a positive 

15 result. On the other hand, a change in zone 32 corresponding 

with a change in zone 16 would be interpreted as a false positive 
result. 

The apparatus of the present invention comprises, as a 
first porous member, a solid phase system as described above. 

2Q The apparatus further comprises additional means, operatively 
associated with the first porous member, for facilitating the 
flow of a fluid sample and liquid reagents through the first 
member. Among the means which may be suitably utilized are means 
for applying a vacuum source or capillary action below the porous 

25 member to draw liquid through the porous member. Alternatively, 
the additional means may comprise means for applying a positive 
pressure above the porous member to force the sample liquid or 
reagents through that member. In a particularly preferred 
embodiment, a second absorbent member is associated with the 

30 solid phase system so as to permit the flow of a fluid sample 
through the solid phase system and into the absorbent material. 
The second absorbent member, having a surface over which the 
solid phase may be placed, has capillaries therethrough in a 
direction generally transverse to the surface over which the 
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solid phase system is placed such that the capillaries are in 
direct communication with the pores of the solid phase system, A 
variety of materials may be used for the absobent member, such as 
cellulose acetate fibers or polyester. 
5 in an alternative embodiment the solid phase system 

may be placed on a porous support base which allows for the flow 
of a- fluid sample through the solid phase system and into t^ 
absorbent material. The support base may consist of a porous 
disk, such as a polyethylene disk, and rest upon the absorbent 
10 member such that the absorbent member is in direct communication 
with the pores of the solid pahse system via the support base. 
The construction of such an apparatus may be, for example, 
essentially as described in the application of G. valkirs et al., 
Serial No. 609,395, filed May 11, 1984, and Serial No. 733,292. 
15 filed May 10, 1985, the disclosures of which are incorporated by 
reference herein. An illustration of such an apparatus is 
provided by reference to Figure 6. Accordingly, in Figure 6, a 
solid phase system 14 such as the solid phase system depicted in 
top view by Figure 3 and conceptualized in cross section by 
20 Figure 2 is provided. The solid phase system 14 of the 

apparatus 34 rests on a porous support base 36 which permits the 
flow of a fluid sample through the solid phase system 14 and into 
an absorbent member 38 as described above. 

As previously indicated, the solid, phase system and 
2 * apparatus of the present invention are of significant utility in 
the performance of ligand-receptor assays, particularly multiple 
ligand-receptor assays for the detection of at least two analytes 
of interest and/or ligand-receptor assays incorporating an 
internal control system. While the present invention is 
30 particularly useful for the performance of immunoassay s , those 
skilled in the art will appreciate that with suitable 
modification, the solid phase system provided by the invention 
may be utilized for other ligand-receptor assays, including 
assays involving nucleic acid probe technology. 
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In accordance with the 1 igand-receptor processes of 
the invention, a fluid sample suspected of containing the ana- 
lyte(s) of interest is introduced onto the solid phase system of 
an apparatus as described above, in the case of an immunoassay, 
5 the solid phase preferably incorporates as a receptor a 
monoclonal antibody bound to the microspheres, although a 
polyclonal antibody preparation may be used vhgn the ligand of 
interest is an antigen, if the ligand of interest is an 
antibody, however, the solid phase may comprise an antigen for 
10 which the antibody to be detected is specific. Following the 

flow of fluid sample through the solid phase system and into the 
absorbent member, a solution of receptor conjugate, capable of 
binding with the target ligand and labeled so as to permit 
detection, is added. In the case of immunoassays, the receptor 
15 conjugate may be an antibody, preferably a monoclonal antibody, 
or antigen capable of binding with the ligand of interest. The 
addition of receptor conjugate, as appropriate, permits the 
formation of a complex with the ligand captured by the solid 
phase system. In the case of an immunoassay, if the microspheres 
20 comprising the solid phase system are bound with monoclonal 

antibody, and the labeled antibody is also a monoclonal antibody, 
the two antibodies are selected to bind to non-interfering 
binding sites of the antigen, essentially as described in U.S. 
4,376,110 and U.S. 4,466,530, the disclosures of which are 
25 incorporated by reference. In presently preferred embodiments, 
the receptor conjugate is labeled with an enzyme, however other 
conventional labels, such as radionuclides, fluorescent agents, 
phosphorescent agents and polymers containing dyes or 
chemi lumi nescent moieties may be suitably utilized. After the 
30 -^solution of receptor conjugate has flowed through the solid phase 
system, a washing solution may be added to remove unbound 
receptor conjugate. Thereafter, the receptor conjugate complex*d 
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with the ligand of interest is detected. If an enzyme has been 
selected as the label component* the bound receptor conjugate is 
detected by. the addition of an appropriate enzyme substrate to 
the solid phase system. Upon reaction with the substrate* the 
5 enzyme will generate, if properly selected, a color change on the 
solid phase system which may be detected by visual or 
instrumental means. 

It will be recognized by those skilled in the. art that 
assays for a broad range of analytes may be performed in accor- 
10 dunce with the present invention. The list of potential analytes 
of interest is too lengthy for incorporation herein. However, 
antigens such as prostatic acid phosphatase, prostate-specific 
antigen, alphaf etoprotein, carcinoembryonic antigen, leutenizing 
hormone, creatine kinase isoenzimes and other antigens in serum, 
15 plasma, urine or other biological fluids may be detected in an 
immunoassay. Additionally, the present invention is useful for 
the assay of viruses, bacteria, parasites or fungi, or antigens 
or antibodies associated therewith, including f for example, 
Rubella virus. Rota virus, adeno virus, respiratory syncitial 
2Q virus, HTLV, hepatitis virus, hepatitis/A, hepatitis/B, hepatitis 
nonA nonB, influenza virus, cytomegalovirus and herpes virus, as 
well as group A and group B streptococcus. Neisseri a gonorrhea. 
Trichomonas vaginalis , Candida albicans , Chlamydia trachomatis 
and Hemophilus influenza . 
25 Further, it will be appreciated by those skilled in 

the art having the benefit of this disclosure that the present 
invention is applicable to assays involving nucleic acid probe 
technology. Specifically, a nucleic acid sequence complementary 
to a portion of the nucleic acid sequence of a ligand of interest 
30 may be bound to microspheres which are thereafter entrapped in a 
porous matrix. Such a solid phase system may be incorporated in 
an apparatus as previously described and utilized in assay 
processes. To perform such assay processes, a fluid sample 
suspected of containing the target ligand is introduced onto the 
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solid ph^s* and the ligand of interest is captured on the solid 
phase. Thereafter, a labeled nucleic acid probe having a nucleic 
acid sequence complementary to a different portion of the nucleic 
dcid sequence of the target ligand is added to permit the 
5 formation of a complex of the labeled nucleic acid probe and the 
ligand captured on the solid phase. The detection of the labeled 
nucleic acid probe bound to-£he solid phase system provides an 
indication of the presence of the analyte in a given sample. 

The following examples demonstrate the preparation of 

10 a solid phase system comprising microspheres entrapped within a 
glass fiber filter and the use of such a solid phase system to 
perform an immunoassay in accordance with the present invention. 
The examples are presented solely for purposes of illustration 
are not intended to limit the present invention in any way. 

15 EXAMPLE I 

DETECTION OF ANTIGEN 
The assay set forth in the following example is an 
immunoassay for the detection of human choriogonadotripin (HCGJ, 
an antigen present in elevated levels in the urine of pregnant 

20 women. 

Activation of Microspheres 

A monodisperse latex of polystyrene microspheres, 0.8 
microns in diameter (Interfacial Dynamics Corporation, Portland, 
Oregon) were selected and activated by passive absorption of a 

25 preparation of monoclonal antibody derived from hybrid cell line 
HCU 061 (Hybritech Incorporated, San Diego, CA), specific for the 
HCG antigen. The microsphere size was selected to be compatible 
with Whatman GF/F glass fiber filter (Whatman Company, Cliftoi, 
New jersey) by preliminary experimentation using fluorescent- 

30 labeled microspheres to determine retention within the filter. 
The monoclonal antibodies were obtained from ascites fluid and 
purified by Na 2 S04 precipitation and DEAE ion exchange chroma- 
tography using standard methodology. 

The antibody-bound microspheres were then backcoated 
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with a 11 solution of Bovine Serum Albumin ( B5A) in 50 mM 
phosphate ( pH 8,0) to reduce non-specific binding of HCG and 
labeled antibody, following conventional procedures. 
Entrapment of Microspheres 
5 A 10^*1 quantity of the activated microspheres were 

resuspended in 50 mM phosphate (pH 8.0) at 0.251 w/v concentra- 
tion and pipetted onto the Whatman GF/F glass fiber filter 
incorporated in an immunoconcentrat ion apparatus as shown in 
Figure 6. The microspheres were thereafter allowed to settle 

10 within the filter in a discrete circular zone at the center of 
the filter. The filter was allowed to air dry for 15 minutes. 
Detection of Antigen 

Approximately 250^(1 of urine containing 125 miu/ ml 
HCG were applied to the filter. Approximately 100 1 of a pre- 

15 paration of a second monoclonal antibody against HCG f derived 

from hybrid cell line HCO 514, and labeled with the enzyme alka- 
line phosphatase, was then added. After a 5 minute incubation 
.luring which time the enzyme-labeled antibody conjugate was drawn 
through the filter, the filter was washed with 2ml of 10mM Tris- 

20 buffered saline (pH 8.0). Approximately IOO^aI of a solution 
containing indoxyl phosphate, a substrate for the enzyme label 
was then added. After 5 minutes of incubation the filter was ob- 
served visually for a color reaction. 

A dark blue color developed in the discrete zone of 

25 the filter where the HCU-061 activated microspheres were en- 
trapped, indicating the presence of HCG antigen. 



EXAMPLE II 
ANTIBODY DETECTION 
Antibodies to Rubella virus were detected in a manner 
30 similar to that described above for detection of HCG antigen in 
Example I. Microspheres of 0.8 microns in diameter which had 
been activated with purified Rubella antigen were entrapped in a 
discrete zone on the Whatman GF/F glass fiber filter incorporated 
in an immunoconcentrat ion apparatus as shown in Figure 6, As a 
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negative control, a group of non-antigen coated microspheres were 
entrapped in an adjacent zone on the filter. 
Detection of Antibodies 

A 100 jfil quantity of serum predetermined to be 
5 positive for the presence of antibodies to Rubella virus was 
applied onto a second filter prepared as described above. 
Simultaneously, a 100 ul quantity of serum predetermined to be 
negative for the presence of anti-bodies on each filter with 2 ml 
of lOmM Tris-buf fered saline (pH 8.0), lOO^tl of enzyme 

10 conjugated-ant ibodies against human IgG (Kirkegaard t Perry 
Laboratories, Inc. f Gaithersburg, Maryland) were added and 
allowed to react with the human IgG complexed with the Rubella 
antigen bound to the microspheres. After washing with 2 ml of 10 
mM Tris-buf fered saline (pH 8.0) to remove unbound conjugate, 

15 substrate for the enzyme label was added to detect the presence 
of any antigen-antibody complexes formed. 

The positive sera resulted in a blue color in the dis- 
crete zone of the filter where microspheres bound with Rubella 
antigen were entrapped. (In the zone of the negative control, no 

20 color appeared.) The negative sera did not produce a color reac- 
tion. 

It will be appreciated that the sensitivity of the 
assays of the examples may be adjusted by varying the volume and 
concentration of the microspheres, or incubation time, conjugate 
25 concentration, and other parameters commonly used in assay pro- 
cedures. 



The foregoing description has been directed to parti- 
cular embodiments of the invention in accordance with the re- 
quirements of the Patent Statutes for the purposes of iliustra- 
30 tion and explanation. It will be apparent, however, to those 
skilled in the art that many modifications and changes will be 
possible without departing from the spirit and scope of the in- 
vention. It is intended that the following claims be interpreted 
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1, A solid phase system for use In a ligand-receptor 
assay for the detection of a selected analyte in a fluid sample ^ 
comprising a porous matrix in which microspheres are entrapped 
wherein said microspheres ire bound with a receptor capable of 
capturing a target ligand. 

2. The solid phase system according to Claim 1 where- 
inlaid matrix is a membrane or filter in which microspheres of a 
size compatible with the pore size of said matrix may be en- 
trapped. 

3« The solid phase system according to Claim 2 
wherein said microspheres are selected to have a size which 
maximizes the effective surface area of- said microspheres within 
said matrix. 

4. The solid phase system according to Claim 2 
wherein said microspheres are selected to have a size within the 
range of from about 0.1 micron to about 50 microns in diameter, 

5. The solid phase system according to Claim 2 
wherein said microspheres are selected to have a size within the 
range of from about 0,1 micron to about 2 .o microns in diameter. 

6. The solid phase system according to Claim 1 

wherein said microspheres are entrapped within said matrix in a 

manner to permit the mobility of said microspheres/ within said matrix 

and inhibit the aggregation or adhesion of said microspheres within said 
matrix 

7. The solid phase system according to Claim 1 
wherein said membrane or filter is of a material selected from 
glass fibers, nylon or ceramic materials. 

8. The solid phase system according to Claim 1 where- 
in said microspheres are entrapped within a discrete zone of said 
matrix . 

9. The solid phase system according to Claim l where- 
in said microspheres are comprised of a polymeric material 
capable of being bound with said receptor. 
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10. The solid phase system according to Claim 9 
wherein said polymeric material is select ~1 fro*/^**' 
polyethylene, polypropylene and polystryrene and copolymer s thereof . 

11. The solid phase system according to Claim 1 
5 wherein said ligand-receptor assay is an immunoassay. 

12. The solid phase system according to Claim 11 
wherein said receptor bound with said microspheres is an antibody 
or antigen capable of capturing said target ligand. 

13. The solid phase system according to Claim 12 
10 wherein said antibody is a monoclonal antibody. 

14. The solid phase system for use in a multiple 
ligand-receptor assay for the simultaneous dection of at least 
two selected anaytes in a fluid sample comprising a porous matrix 
in which distinct groups of microspheres are entrapped within 

15 discrete zones wherein each distinct group of microspheres is 
bound with a receptor capable of capturing a different target 
ligand. 

15. The solid phase system according to Claim 14 
wherein said matrix is a membrane or filter in which microspheres 

20 of a size compatable with the pore size of said matrix may be 
entrapped. 

16. The solid phase system according to Claim 14 
wherein said membrane or filter is of a material selected from 
glass fibers, nylon or ceramic materials. 

25 17 . The solid phase system according to Clai* 14 

wherein said microspheres are comprised of a polymeric material 
capable of being bound with said receptor. 

IB The solid phase system according to Claim 17 

latex, 

wherein said polymeric material is selected from/polyethylene, 
30 polypropylene and polystyrene and copolymers thereof. 

19. The solid phase system according to Claim 14 
wherein said ligand-receptor assay is an immunoassay. 

20. The solid phase system according to Claim 19 
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wherein said receptor bound with at least one group of micro- 
spheres is an antibody or antigen capable of capturing said 
target ligand. 

21, The solid phase system according to Claim 20 
5 wherein said antibody is a monoclonal antibody* 

22* The solid phase system according to Claim 21 
wherein said group of microspheres comprises at least two sub- 
populations of microspheres to which are bound monoclonal anti- 
bodies selected to bind at non-interfering epitopes of said' 
10 target ligand. 

23. A solid phase system for use in a ligand-receptor 
assay for the detection of at least one selected analyte in a 
fluid sample comprising a porous matrix in which distinct groups 
of microspheres are entrapped within discrete zones wherein: 
15 a) at least one group of microspheres is bound with a 

receptor capable of capturing a target ligand; and 
b) at least one group of microspheres is bound with 
said target ligand or other suitable receptor 
substance as a positive control for the detection 
20 of said analyte, 

24. A solid phase system for use in a 
ligand-receptor assay for the detection of at least one selected 
analyte in a fluid sample comprising a porous matrix in which 
distinct groups of microspheres are entrapped within discrete 
25 zones wherein: 

a) at least one group of microspheres is bound with a 
receptor capable of capturing a target ligand; and 

b) at least one group of microspheres is bound with a 
substance incapable of capturing said target 

30 ligand, or without a bound component, as a 

negative control for the detection of said 
analyte* 
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25. The solid phase system according to Claims 23 or 
24 wherein said matrix is a membrane or filter in which micro- 
spheres of a size compatible with the pore size of said matrix 
may be entrapped. 
5 26. The solid phase system according to Claims 23 or 

24 wherein said membrane or filter is of a material selected from 
glass fibers, nylon or ceramic materials* 

27. The solid phase system according to Claims 23 or 

♦ 

24 wherein said microspheres are comprised of a polymeric mate- 
10 rial capable of being bound with said receptor. 

28. The solid phase system according to Claim 27 
wherein said polymeric material is selected from/ latex, 
polyethylene, polypropylene and polystyrene and copolymers thereof. 

29. The solid phase system according to Claims 23 or 
15 24 wherein said ligand-receptor assay is an immunoassay. 

30* The solid phase system according to Claim 29 
wherein said receptor bound with at least one group of micro- 
spheres is an antibody or antigen capable of capturing said 
target ligand. 

20 31* The solid phase system according to Claim 30 

wherein said antibody is a monoclonal antibody. 

32. The solid phase system according to Claim 30 fur- 
ther comprising a distinct group of microspheres to which is 
bound the target ligand or other suitable receptor substance as a 

25 positive corrf-rol . 

33. An apparatus for use in a ligand-receptor ass a/ 
for the detection of at least one selected analyte in a fluid 
sample comprising; 

a) a first porous member comprising a solid phase 
30 system according to Claims l, 14, 23 or 24; 

and 

b) a means, operattv^ly associated with said first 
porous member, for facilitating the flow of said 
fluid sample and liquid reagents used in said 

35 assay through said first porous member. 
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34. An apparatus for use in a 1 igand-receptor assay 
for the detection of at least one selected analyte in a fluid 
sample comprising: 

a) a first porous member comprising a solid phase 
5 system according to Claims 1, 14, 23 or 24? 

and 

b) a second absorbent member associated with said 
first member so as to permit the flow of said 
fluid sample and liquid reagents used in said 

10 assay through said first member and into said 

second member, said second member having a surface 
over which said first member is placed c»nd having 
capillaries therethrough in a direction generally 
transverse to the surface over which said first 

15 member is placed, which capillaries are in 

communication with the pores of said first member 
so as to draw fluid which has permeated said first 
member into the capillaries of said second member. 

35. The apparatus according to Claim 33 wherein said 
20 ligand-receptor assay is an immunoassay. 

36. A ligand-receptor assay process for the detection 
of at least one selected analyte in a fluid sample comprising: 

a) introducing said fluid sample suspected of con- 
taining a target ligand onto the first porous 

25 member of the apparatus according to Claim 33 r 

which porous member comprises microspheres to 
which are bound a receptor capable of binding said 
target ligand; 

b) adding a solution of receptor conjugate capable of 
3 q binding with said target ligand, said receptor 

conjugate being labeled to permit detection, in 
order to form a complex of said receptor conjugate 
with said target ligand; 
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c) detecting said receptor conjugate, if any, bound 
to said porous member* 
37 # The process according to Claim 36 wherein said 
ligand-receptor assay is an immunoassay. 
5 3B. The process according to Claim 36 wherein 

said ^receptor is an allergen, said ligand is an igE antibody 
specific for said*allergen and said receptor conjugate is a 
labeled anti-IgE antibody. 

39. The process according to Claim 36 wherein said 

10 analyte is a virus or an antigen or antibody associated with said 
virus. 

40. A process according to Claim 39 wherein said 
ligand is selected from the group consisting of Rubella virus. 
Rota virus, adeno virus, respiratory syncitial virus, HTLV, 

15 hepatitis virus, hepatitis/A, hepatitis/B, hepatitis nonA nonB, 
influenza virus, cytomegalovirus or herpes virus. 

41. The process according to Claim 36 wherein said 
analyte is a bacterium, fungus or parasite or an antigen or anti- 
body associated with said bacterium, fungus or parasite. 

20 42. A process according to Claim 41 wherein said 

analyte is selected from the group consisting of group A and B 
streptococcus, Neisseria gonorrhea , Trichom onas vaginalis, 
Candida albicans , Chlamydia trachomatis or Hemophilus influenza. 

43. The process according to Claim 36 wherein said 

25 analyte is a physiological marker substance selected from the 
group consisting of human choriogonadotropin, prostatic acid 
phosphatase, prostrate-specif ic antigen, alphaf etoprotein , car- 
cinoembryonic antigen, leutinizing hormone or creatine kinase 
isoenzyme . 

3Q 44. The process according to Claim 36 wherein said 

sample is serum, plasma, urine or other biological substance. 

45. The process according to Claim 36 wherein said 
receptor conjugate is labeled with an enzyme and said detecting 
step includes addition of a suitable substrate to said first 

35 porous member to generate a color change upon reaction with said 
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enzyme which Ib determined by visual or instrumental means. 

46. The process according to Claim 36 wherein said 
receptor is a monoclonal antibody and said receptor conjugate is 
a labeled monoclonal antibody, said receptor and said receptor 

5 conjugate being selected to bind at non-interfering epitopes of 
said 1 i gand. 

47. The stolid phase system according to Claim 1 
wherein said assay is a nucleic acid probe assay and wherein said 
receptor comprises a nucleic acid sequence complementary to a 

10 portion of the nucleic acid sequence of said target ligand. 

45. The apparatus according to Claim 33 wherein said 
ligand-receptor assay is a nucleic acid probe assay. 

49. The process according to Claim 36 wherein said 
ligand-receptor assay is a nucleic acid probe assay. 

15 50. The process according to Claim 36 wherein said 

receptor is a nucleic acid sequence complementary to a portion of 
the nucleic acid sequence of said target ligand and said receptor 
conjugate is a labeled nucleic acid probe complementary to 
another portion of the nucleic acid sequence of said target 

2Q ligand. 

51. The solid phase systems according to clains 10, 18 
or 28 wherein said microspheres are comprised of latex. 
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